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Abstract 
With the global adoption and implementation of smart grid technology, the coherent and steady involvement of 
consumers is required for the successful use of available technology. Changing consumer behavior has always been 
a challenge, particularly for home energy monitoring systems (HEMS). This paper introduces a novel approach of 
personalizing the mobile application experience for the consumer by assessing individual personality traits before 
giving consumers a mobile application which has the potential to retrain the consumers (users) and sustain reduced 
electricity usage for a household.  To support the extension of electricity monitoring to the mobile app market, 
persuasive design models were created to target major factors which would appeal to consumers, such as saving 
money and environmental impact. The models were shared with a sample population to determine the probability of 
mobile app adoption by consumers, anticipated usage patterns, interface usage rankings, and motivations. The 
survey results are presented here, with analysis and identification of the challenges involved in engaging consumers 
and changing behaviors. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
     Earlier research on smart grid topics has been focused on determining practical methods to reduce carbon dioxide 
output as part of the electrical grid1. The objective of giving residential consumers a way to visualize their energy 
usage is a well-researched issue worldwide inside the domain of smart grid sustainability, and is enabled by the 
deployment of smart grid meters. By using sensors on board an electricity meter as part of an Advanced Metering 
Infrastructure (AMI), home users and electric utility companies can receive accurate information about electricity 
usage. This knowledge can be used in numerous ways to reduce a region’s carbon footprint, e.g. to identify peak 
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periods of electricity demand and how best to use demand response to shift or shed loads.  
     People living with a visual energy display (VED) do not change their behavior based on a simple cause-effect 
relationship when they are provided with energy usage data2. Some householders felt empowered to take action to 
reduce their energy consumption with an increased sense of control given the knowledge of their energy usage. 
Other users felt disempowered, despondent and fatalistic that their contribution was futile in the larger social, 
political, and environmental contexts2. This implies that having users reduce electricity usage and sustain the 
reduced levels may not be a simple or linear relationship. 
     Encouraging the sustainable, preventative behaviour of reducing energy usage includes the following major 
research and development aspects:  
(1) The human side of behavioural and motivational psychology using various factors to influence adoption 
and participation in such an energy visualization system,  
(2) The environmental concerns of rising levels of “normal” electricity usage every year3,4. 
(3) The technical aspect of the smart grid deployment and implementation of home energy monitors.  
     Extending the domain knowledge of energy monitoring to a mobile application interface as part of information 
and communications technology (ICT) seems the next rational step, but the question of engagement is an underlying 
theme. How can home users be engaged in this practice, when these users generally do not have any idea about how 
much energy is used in their home, or even where it comes from? The research presented here explores the questions 
of influencing factors for adoption and participation in a home energy monitoring system (HEMS) using persuasive 
design provided by a mobile application. 
 
2. Design Motivation 
     A primary factor for the successful implementation of smart grid technology is changing consumer behaviour 
towards adopting smart grid technology and leveraging it to its full potential. Electricity is a utility which is used by 
people from all demographics and regulated in homes and commercial places by responsible adults. All in all, one 
adult per home would be the target consumer. How can the target consumer from each household be contacted, 
engaged, and kept involved in the technology? Prior research noted that users tend to ignore energy monitoring after 
an initial honeymoon period, even after knowing full benefits5. The research presented here provides a solution 
which keeps users involved and reminds them to constantly to check their electricity usage.  
     With the recent surge in mobile app adoption, person health apps such as Fitbit or Waterlogged are successful in 
encouraging people to keep healthy and fit by exercising or taking water regularly. Participants liked apps that 
provided convenient tools, including feedback, to help them monitor, track, and review attempts to change or 
improve a health behaviour6. It has also been seen that after a certain period people ignore the applications or 
discontinue usage5.  After investigation, a mobile application design was identified which will keep people engaged 
without increasing the cognitive load on them. A definite problem encountered was that all the consumers or users 
are not the same; therefore, a single design cannot be appropriate for all the users at the same time.  
     Customization according to user preferences would be a solution.  However, as too much nesting in a mobile 
application makes the functions complicated, a significant amount of customization driven by permitting users to 
change settings ‘on demand’ would make the app complicated for the users.  The other option would be identifying 
consumers and their preferences in advance to customize the app defaults presented to them. The idea was to give 
the users options which would actually motivate them. Hence, references to one of the well-known classification of 
motivation vis-a-vis extrinsic and intrinsic motivations are included in this work.  A design was developed that 
would present intrinsically/extrinsically motivating factors as a benefit of using the mobile app to 
intrinsically/extrinsically motivate people respectively.  
     Extrinsic motivation refers to the performance of an activity in order to attain an outcome, whether or not that 
activity is also intrinsically motivated. Extrinsic motivation comes from outside an individual. Common extrinsic 
motivations are rewards (for example money or grades) for showing the desired behaviour, and the threat of 
punishment following misbehaviour. Intrinsic motivation refers to motivation that is driven by an interest or 
enjoyment in the task itself, and exists within an individual rather than relying on external pressures or a desire for 
reward.  
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3. Research Design  
     To identify the motivation of users, the mobile app poses several initial questions at the time of set up. Based on 
the answers selected by the users the defaults of the mobile app will be set. Depending on the kind of information 
that most strongly appeals to the consumer, the default interface is customised for the user. It will also customize the 
push notifications sent out to the consumers.  
     The following hypotheses were considered: 
H1: Customizing app triggers based on motivation factors will increase consumer participation. 
H2: A personality-based UI customization will increase consumer inclination to adopt a mobile app. 
 
   
3.1 Design Considerations 
 
     At this time, in the United States, there is more than one smartphone for every member of the population, and 
many other counties have comparable metrics or a similarly favorable metric approaching one per citizen. There has 
been similar, exponential growth in the use of text messaging, with an estimated 184.3 billion text messages sent 
monthly, or more than 2 trillion text messages yearly.  Given the huge penetration of cellular phone and rapid 
expansion of a new generation of smart phone services becoming even more widely used, a mobile application was 
considered a good medium to reach the populations. 
 
 
3.2 Prototypes and Surveys 
 
     Two mobile app prototypes (Fig. 1) were designed, to present extrinsic and intrinsic motivations. These 
prototypes were used for conducting surveys and testing the mobile app with a sample population to investigate the 
research hypotheses.  Two surveys, a pre-survey and post-survey, were conducted on adult household consumers, 
predominantly employed in education. The pre-survey identified the motivation type of the sample population. A 
post-survey was conducted by showing the mobile app prototypes and asking the subjects about interface features 
that will effectively motivate them. Later the motivation type and mobile app interface preference were correlated 
summarized results. 
 
 
Fig. 1: App interface designed based on motivation type 
The experimental definition of extrinsic and intrinsic motivation factors was supported in the survey questions.  The 
survey questions were presented with responses which can be tied to the responder’s intrinsic or extrinsic 
motivations. Anything that comes as a direct benefit to the individual such as dollars saved or rewards that can be 
cashed in are considered as extrinsically motivating factors while other outcomes such as helping underprivileged or 
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reducing carbon footprints are considered as intrinsically motivating factors since the outcomes do not bring any 
direct rewards to the individual. 
 
4. Findings 
     After conducting two surveys with the sample population (n=29) results were tabulated. Taking extrinsic and 
intrinsic motivation factors into consideration, the data from both the pre-survey and the post-survey was analysed. 
For the sake of simplicity and clarity, the terms intrinsic and extrinsic will be used for intrinsically motivated (IM) 
and extrinsically motivated (EM) respectively. 
 
 
 4.1 Pre-survey Results 
     Pre-survey results show that the majority of the users in the sample population are intrinsically motivated (62.3% 
are intrinsic and 37.7% are extrinsic). Table 1 shows all the factors that have been considered for the purpose of 
deciding how users are motivated (i.e. extrinsically or intrinsically). The same is represented graphically in Fig. 2 
shown below. 
      
Table 1: Factors used in determining extrinsic and intrinsic Motivation 
 
Factors EM % IM % 
Job Preferences 14 86 
Task Motivation 26 74 
Hobby 17 83 
Bill reduction 79.3 20.7 
Environmental factors 27.6 72.4 
Helping underprivileged 58.7 41.3 
Peer influence 41.3 58.7 
Average 37.7 62.3 
 
 
 
Fig. 2: Graphical representation of Table 1 EM and IM pre-survey results 
4.2 Post-Survey Results 
     Post-survey results primarily dealt with the mobile app interfaces questions. The pre-survey results were co-
related with that of post-survey results to verify the hypothesis considered earlier. Further post-survey results were 
bifurcated based on two factors as listed below: 
1. Considering the dollar (cost) factor 
2. Without the dollar (cost) factor 
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4.2.1. Considering the dollar factor 
     Money seemed to be the only extrinsic factor that was motivating the sample population to use the mobile app 
though the population in general was intrinsically dominated. Table 2 and Fig. 3 take both extrinsic and intrinsic 
factors into consideration. They show that people are more extrinsically inclined (EM-64.5% and IM-35.4%) 
because of the influence of money.  
                    
Table 2: Factors used in determining Extrinsic and Intrinsic Motivation 
 
Factors EM% IM% 
App interface(dollars) 75.8 24.1 
Sharing on social media 20.7 79.3 
Notifications settings (in dollars) 93.1 6.8 
Reminder message (in dollars) 93.1 6.8 
Helping underprivileged 41.4 58.6 
Peer influence 48.3 51.7 
Influence of gold star (cashable in $) 79.3 20.7 
Average 64.5 35.4 
 
 
Fig. 3: Graphical representation of Table 2 EM and IM post-survey results 
4.2.2. Excluding the dollar factor  
     In further analysis, dollar factor, or monetary reward factor was not considered as shown in Table 3 and 
summarized in Fig. 4. This observation matches the pre-survey results and shows that 63.2 % of the sample 
population prefers intrinsic factors and 36.8% prefers extrinsic factors. It can be inferred that people who are 
extrinsically motivated people prefer extrinsic features and intrinsically motivated people prefer intrinsic features. 
 
Table 3: Exclusion of monetary reward factors as extrinsic and intrinsic motivators 
 
Factors EM% IM% 
App interface(dollars)     
Sharing on social media 20.7 79.3 
Notifications settings (in dollars)     
Reminder message about rates(in $)     
helping underprivileged 41.4 58.6 
Peer influence 48.3 51.7 
Influence of rewards (cashable in $)     
Average 36.8 63.2 
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Fig. 4: Post-survey results with exclusion of monetary reward factors 
 
5. Discussion 
     After the survey results were analysed, the results were found to be unexpected. Seventy-nine (79%) percent of 
participants (23 out of 29) reported that saving money on their electric bill will motivate them to reduce their home 
energy consumption. Though the participants reported themselves as intrinsically motivated, they found extrinsic 
factors more compelling in motivating them to reduce energy. This was comparable to prior research7, which 
surveyed eco-feedback preferences in Italy and found that with daily goal-setting for "goals of tomorrow", 54.13% 
(n=992) survey participants did not want a reward, while 36.59% did ask for a reward.  Among the most popular 
reward suggestion was an economical reward on the final price of their energy bill.  The results obtained from the 
survey do not purely validate our hypothesis “A personality based UI customization will increase consumer 
inclination to adopt mobile app.” 
     A closer analysis gave a clearer view of the results obtained. Most of the questions where participants scored on 
extrinsic factors involved some form of financial incentive. Similar to prior work in this area, saving money is a 
large factor in people’s perceived usefulness and willingness to participate in HEMS. An earlier study5 mentioned 
that energy-saving limits provided by such a HEMS will be reached quickly in a Western society.  
     The heavy influence of the dollar factor in the findings presented here is similar to previous findings7,2 which 
reported the same motivational influence of saving money. Additional research further mentions the disappointment 
expressed by participants when their monthly savings had been less than expected. Even among those who innately 
were driven to reduce energy usage and incorporate energy monitors into their daily lives8, after the “honeymoon 
period”2,5 that lasts 3 to 4 months, the energy usage had still increased over the course of the remaining months9.  
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Fig. 5: Personality based application and feedback 
     Contradictory results, such as this, led to further analysis by eliminating the questions having financial incentives 
as an option. The results this time were as expected. The participants preferred mobile application features 
respective to their motivation types.  
     The major reason to find a correlation between the motivation type of a user/participant and the mobile interface 
was to validate whether a customized interface will motivate participation and adoption of a mobile application10. 
Studies have shown intrinsic motivation decreases over time when extrinsic incentives are used for behaviours that 
an individual already finds motivating without external reinforcement. Theories also suggest that through acts of 
altruism the user may receive an intrinsic reward in the form of personal gratification. There can be no “one fit for 
all”; hence customization will improve consumer retention and regular participation.  
     The concept of customizing a mobile application based on personality factors such as preferences, attitude, 
motivation, etc. has not yet been considered seriously. Current research is concerned with motivation factors but the 
results can be extended to a wider scope. This suggests the potential for more longitudinal, large-scale work to be 
done concerning interface choice, mobile integration and the changes in device usage over time for different 
populations with varying economic circumstances11,13. 
     A general depiction of the model which has been proposed in this paper (Fig. 5) shows the role of utility 
companies and social media in sustaining the user involvement. The role of social media cannot be underestimated 
and needs to be researched further, particularly as the consumer community grows over time to include more 
individuals who have had life-long, constant exposure to social media. It is suggested by research that lower levels 
of sustained energy consumption are possible when consumers are given peer comparison feedback for their peers 
and efficient users12,14,15. 
     The limitations of the study presented here include the following: 
1. A small sample size, n=29 
2. Bias from a sample of teachers only 
3. Data was self-reported, not objectively measured or observed. 
4. The study should be longitudinal. Due to time constraints, a self-reporting survey was used.  
5. Only diagrams of device interfaces were used, with no physical devices distributed. 
 
6. Conclusion and Future Work 
 
   As smart electricity grids continue to be deployed worldwide, an interface to communicate more detailed energy 
information is becoming readily available for an increasing amount of homeowners. The bias towards saving money 
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was identified as a pivotal extrinsic factor in participants’ self-reported app adoption motives. When this “dollar 
factor” was removed from interfaces during post-survey, participants chose answers revealing more thoughtful, 
intrinsic motivations. Contributing to conclusions found in related work regarding technology adoption and 
sustainability, saving money was found to be the strongest factor of influence.   
     This work adds to the growing body of research related to motivating factors of adopting technology to positively 
influence sustainable behavior. Confirming such motivations contributes to future human-computer interaction 
theory, and helps shed light on the complex ways people relate to their impact on the environment. 
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